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Problem Statement
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• Background
• The current wheel drive system (WDS) exceeds 

desired volume.
• Currently 8.8” axially

• The axial length must decrease
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• Volume Constraint

Problem Statement
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Problem Statement
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• Load Specifications

State A B C

Torque (oz-in) 2340 1970 500

Speed (rpm) 275 366 750

Acceleration (ft/s^2) 4 4 8

Duration of Load (seconds) 10 7.5 t > 10
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Problem Statement

• Power Constraints
• Max 48 Volts
• Max 80 Amps

• Gearbox Life
• 20-30 khr
• 4-5 year service

• BOM Cost: $2000 max



Design Approach
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• Break WDS into subsystems
• Motor
• Gearbox
• Output Shaft
• Wheel

• Iterative Design
• Do the math
• Pick a motor
• Match a gearbox with the motor
• Repeat steps 1-3 as needed

Thin Gap Motors



Design Concepts Considered
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Frameless Motors

Thin Gap TG5153 Motors

Pancake Motors

Koll-Morgen KBMS43X01C

• Stacked Frameless 
Motor
• Embedded gearbox
• Framo-Morat

• Pancake Motor
• Custom Gearbox



Our Current Solution
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PANCAKE MOTOR AND PANCAKE GEARBOX

+

-



Our Current Solution
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Motor 
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Torque (Nm) Speed (RPM) Voltage (Volts) Current (Amps)

0.5883 4500 47  to 57  34 to 41

3.33 2250 25 to 30 68 to 83

6:1 Gearbox Ratio• Max Continuous Torque of TG5153 = 3.57 Nm
• 6:1 ratio allows for 21.42 Nm of Max 

Continuous Torque output



Motor 
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Thin Gap Motors

TG5153 Series Thin Gap motor



Motor Thermal Analysis
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Motor – Uncertainties  
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• Power Analysis
• The math model is for brushed DC motors, 

not brushless motors
• Gearbox efficiency unknown

• Thermal Analysis
• Material of TG5153 housing is unknown
• May not be appropriate approximation of 

actual thermal behavior of motor



Gears
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• 6:1 Planetary Gearbox

• Compact

• Efficient

• Load distribution

• Limitations:

• Material

• Face Width

• Operating Center Distance

Planet: 48mm pitch diameter

24mm pitch 
diameter

Annulus: 120mm pitch diameter



Custom Gearbox
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• 6:1 Ratio

• Pancake form factor

• Dimensions: 

• 6.12” wide and tall

• 2.83” axial length



Custom Output Shaft
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Output Shaft

• F_p = 117 lbs, T = 165 in-lbs
• L_3 is most crucial length

• Carries most of shaft moment

Bearing Location

• Using the Marin equation:
• ¾” Diameter CD1080 CD Steel

• “Infinite Life”
• – = 1.45



Custom Gearbox
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• Casing FEA analysis summary:

• 0.5” space between bearings

• 0.75” neck fillet

• 750 and 650 lbs bearing loads

• 6061-T6 Aluminum

• Max stress in casing = 3 KSI



Custom Carrier Plate

18

• Thin profile required

• Sheet metal design intent

• Reduces cost

• 1018 CD Steel

• Hex-shaped output

• Corner reliefs reduce stress

8mm bore

Hex-shaped Output

Fillet Cuts



Custom Carrier Plate
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• „ ȟ ωὯίὭ

• – ρςȢςat fillet cuts

• – φȢψat corner reliefs

Solidworks Design Study Iterations



Custom Carrier Plate
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FEA Analysis



Custom Wheel
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Cost Analysis – Prototype 
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MFG Part Number Description cost quantity subtotal

91831A009 8-32 SS Nylock nut 5.24$         1 5.24$         

5972K222 8mm ID Ball Bearing, Input 4.94$         1 4.94$         

6659K66 Oil-Embedded Flanged Sleeve Bearing 1.82$         3 5.46$         

91145A156 10-32 Electrical-Insulating Nylon 6/6 Sleeve Washer 6.26$         1 6.26$         

8-32X.625" PEM FHS 8-32X.625" PEM FHS 6.88$         1 6.88$         

91595A356 5mmX20mm Dowel pins 7.54$         1 7.54$         

10-32X1" PEM FHS 10-32X1" PEM FHS 7.57$         1 7.57$         

5091253A009 10-32X.875" FHCS 7.95$         1 7.95$         

10-32X.625" PEM FHS 10-32X.625" PEM FHS 9.36$         1 9.36$         

94909A022 #10 Thread-Forming Flange Locknut 11.59$      1 11.59$      

91253A268 10-32X1.125" FHCS 7.73$         2 15.46$      

KSSA1-24J8 SDP Sun Gear, 24 Teeth, keyed, 10mm FW 31.12$      1 31.12$      

6384K81 3/4" ID Bearing, Output 16.71$      2 33.42$      

KSSA1-48 SDP Planet Gear, 48 Teeth, 10mm FW 12.64$      3 37.92$      

S1E10ZM10S120 SDP Ring Gear, 120T, 10mm FW 125.05$    1 125.05$    

TG5153 Best motor available 2,260.00$ 1 2,260.00$ 

Grand Total: 2,575.76$ 



Next Steps…
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• Continue thorough analysis and design of planetary gear set

• Order motor from ThinGap and gears from SDP

• Build and test first prototype

• Determine realistic application and duty cycle for second proto

• Repeat process for second prototype and improve design


